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BLOOD FAT OF DAIRY CATTLE
I. A Simple Volumetric Method for
Determining Blood Fat
NAT N. ALLEN
INTRODUCTION
The large amount of work that has been done on blood analysis is
not surprising when we consider that the blood is the medium through
which all nutrients reach the individual cells, and through which all of
the waste products are eliminated. In many of the more detailed nutri-
tional or physiological investigations it is essential that information be
secured on the changes in composition of the blood. Many methods
have been worked out for determination of the amount of various con-
stituents in the blood. In the course of investigations carried out at this
station during 1930 and 1931, it was found that feeds of very high fat
content such as whole milk, cream, or various vegetable and animal fats
and oils caused a very marked increase in the fat content of the milk
of cows to which they were fed. A very definite interval elapsed between
the time when the fat intake was increased and the time when the in-
creased fat content of the milk was first observed. This suggested that
a study of the fat of the blood during this interval might yield interesting
information.
A study of the literature on methods for determining lipids in blood
revealed the fact that the methods available were difficult and time-
consuming and not very well adapted to extensive studies involving
large numbers of samples. The method of Ruckert (1931), which has
some advantages over previous methods in this respect, had been de-
veloped at that time but had not yet appeared in the literature. With
the view of trying to work out a method suitable for routine analysis
of large numbers of samples, an effort was made to apply the principles
used for volumetric determination of fat in milk to determination of lipids
in blood. As a result, the method described in this bulletin was developed.
REVIEW OF LITERATURE
The fact that ordinary methods of extraction with fat solvents do not
give an accurate estimate of the fat content of dried samples of animal
tissues or fluids has been appreciated for many years. Kumagawa and
Suto (1907) discussed the discrepancies of the extraction methods em-
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ployed prior to that time. They proposed a method by which some of
the inaccuracies of ordinary extraction procedure might be avoided.
Since that time a number of methods have been proposed which were
applied to the determination of lipids in blood.
One of the limiting requisites of a method for determining blood
lipids, if it is to be of practical value for clinical or research work, is
that it must require only a small amount of blood such as may readily
be secured from living subjects. The methods which have been proposed
may be classified according to the principle employed.
Gravimetric Extraction Methods
This principle has largely been discarded in favor of more complicated
methods requiring smaller amounts of material and avoiding other dif-
ficulties of simple extraction procedure. Even in more recent investi-
gations, however, it has occasionally been used. The relative simplicity
of this method offers some advantages. Micro technique has been ap-
plied by some of the more recent investigators, in conjunction with im-
proved methods of extraction.
Saponification Methods
The method of Kumagawa and Suto (1907) as modified by Shimidzu
(1910) has been generally accepted as the standard of comparison for
other methods. The original method of Kumagawa and Suto consisted
of digestion of the sample with a strong alkali by prolonged heating.
The fatty acids were liberated from soaps of the digested sample by
acidifying, and were extracted and determined gravimetrically. By this
procedure, the amount of higher fatty acids from the lipids of the tissue
is determined. The authors point out that this is more definite and
more valuable information than is afforded by a knowledge of the amount
of the indeterminate materials included in an extract of ether or other
fat solvents. The Kumagawa-Suto method, unfortunately, does not give
satisfactory results for blood. Shimidzu (1910) modified the Kumagawa-
Suto procedure as applied to blood, by first extracting the blood with
boiling alcohol and then saponifying the extracted material rather than
treating the entire sample of tissue.
Rosenthal and Trowbridge (1915) modified the saponification method
of Liebermann and Szekely (1898) and employed it for determination of
fat in blood.
Nephelometric and Photometric Methods
Bloor (1914) (1917) and Bloor, Pelkan, and Allen (1922) deter-
mined the amount of fat in small amounts of blood by measuring, by
means of a nephelometer, the optical density of a suspension formed by
acidifying the soap solution resulting when the alcohol-ether extract of
blood is treated with sodium ethylate. Bing and Heckscher (1923)
(1924) proposed a nephelometric method for which they claimed some
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advantages over Bloor's method. By this procedure, the amount of fat
is estimated on the basis of the degree of turbidity produced by barium
soaps of the extracted lipids of the blood. Several more recent methods
have involved photometric measurement. Under practical conditions the
nephelometric methods probably give reasonably satisfactory results,
although open to certain objections on a theoretical basis.
Oxidation Methods
Bang (1918a) (1918b) determined blood lipids by partial oxidation
of the extracted lipids with chromic acid, and determined the amount of
dichromate used by iodometric procedure, titrating with a standard thio-
sulfate solution. Bloor (1928) greatly improved Bang's method by
modifying the procedure to secure complete, or practically complete, oxi-
dation of the lipids. This method of Bloor is perhaps in more general
use at the present time than any other.
Titration Methods
In the titration methods of Stewart and White (1925) Stewart,
Gaddie, and Dunlop (1931), Stoddard and Drury (1929), and the
modifications of these methods, the amount of fatty acids liberated from
the lipids of the blood is determined by titration. Smith and Kik (1933)
used a titrimetric method combining features of the methods of Bloor,
Pelkan, and Allen (1922) and of Stoddard and Drury (1929).
Chylomicron Count
Neumann (1907) observed fat particles by ultra-microscopic methods
and Leva (1909) made similar observations. Gage and Fish (1924)
compared the amount of fat in the blood under various conditions by
observing the number of chylomicrons, or minute globules of fat, under
a dark field microscope. Knudson and Grigg (1923) found no constant
relation between the total fatty acids and the chylomicron count. Bloor,
Gillette, and James (1927) found that the chylomicron count followed in
a general way the change in total fatty acids. However, the lack of
parallelism in some cases was cited as evidence of fat present in sonic
other form than as chylomicrons. There can be little doubt that at times
materials other than fat may be present in blood in such condition as to
reflect light under the dark field microscope. A very important factor
in this lack of agreement may be a difference in size of the chylomicrons
under different conditions, since the volume will vary as the cube of
the diameter.
Area of Monomolecular Layer
Gorter and Grendel (1927), Kobus (1927), and Gorter (1934) have
applied to determination of fat in blood the principles discussed by Lang-
muir (1917) by measuring the area of a monomolecular film of fat from
the sample.
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Gasometric Methods
Backlin (1930) has estimated the amount of fat in substances by a
gasometric method. The volume of CO2 resulting from combustion of
the fat was used as the basis for the determination. Kirk, Page, and
Van Slyke (1934) have determined the lipid constituents of blood by
a gasometric procedure similar in principle to that employed by Backlin.
Blix (1926) used a gasometric method in connection with chromic acid
oxidation.
Iodometric Determination of Copper Salts
Follung ( 1926) precipitated the fatty acids from blood fat as cop-
per salts which were determined iodometrically.
Colorimetric Method
Milroy (1928) estimated lipids of blood by a colorimetric method
based on the formation of a colored salt of the isolated fatty acids of the
blood with the base of a dyestuff, nile-blue hydrochloride.
Volumetric Methods
Ruckert (1931) determined the fat of blood serum volumetrically in
a cleverly designed "lipokrit" tube, by hydrolysis of the proteins with
sulfuric acid containing a small amount of amyl alcohol, separating the
fats by application of centrifugal force. His method also permits deter-
mination of the phospholipids volumetrically. Samples of approximately
0.2 milliliter of serum are used. • While hydrolyses by both acid and
alkali have been employed previous to extraction with fat solvents, this
appears to be the first case in which the liberated fats are measured
directly by volume. Leppien (1932), Collins (1933), Schnorbusch
(1934), and Herrmann, Ames, and Tapke (1934) have reported satis-
factory results by use of this method. Herrmann, Ames, and Tapke
describe the method in detail, including special equipment facilitating the
procedure. Schnorbusch found that RUckert's method gave results aver-
ing 12 per cent lower than those secured by a gravimetric macro method.
Allen (1933) (1934) has determined blood fat by a method similar
in principle to that of Ruckert, but using different reagents and equip-
ment. This method is described in detail later in this bulletin.
Miscellaneous Methods
Various other methods have been employed for estimating lipid con-
tent of blood. Calmette (1914) employed a qualitative method for
demonstrating the presence of lecithin in blood by activation of cobra
venom. Gabbe (1921) stratified serum with an equal volume of glycerol,
incubated for 24 hours at 37° C., and observed the intensity of the serum
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ring as an indicator of the amount of blood lipids. Engelmann (1922)
did not find Gabbe's method a suitable measure of lipid concentration.
Ehrentheil and Weis-Ostbom (1923), Peretz (1926) and Peretz
(1929) have employed a method based upon the principles that choles-
terol and certain other lipid materials combine with saponin to reduce its
hemolytic power.
Cholesterol and Phospholipid Determination
Most methods require separate determination of cholesterol and
phospholipids, if it is necessary to know the distribution of the materials
which make up the total lipids.
While many methods have been proposed for cholesterol determina-
tion, those most generally used are based either upon its color reactions
or upon the fact that it forms an insoluble precipitate with digitonin in
alcoholic solution. The numerous methods differ in technique rather
than principle.
Neither the colorimetric nor the digitonin method is specific for
cholesterol, since related substances react in a similar manner.
Phospholipids are usually estimated on the basis of the lipid phos-
phorus. This method is not entirely satisfactory since the various phos-
pholipids differ considerably in phosphorus content. For most practical
purposes, however, this does not seriously interfere with its usefulness.
Both cholesterol and phospholipids have been determined by chromic
acid oxidation as well as by gasometric methods after isolation from the
other fatty substances.
DESCRIPTION OF METHOD
Principle
The method employed in these investigations has been described
previously in preliminary papers: Allen (1933) (1934). It is an ap-
plication of the volumetric principles used for determination of milk fat
to the determination of fat in blood plasma.
Reagents
For the first experiments, bottles designed for testing skimmilk by
the Babcock method were used. It was found that after treating the
blood plasma with sulfuric acid, fatty material separated from the mix-
ture when centrifuged. Much more satisfactory results were secured,
however, by using the alkali reagent of Petersen and Herreid (1929).
This reagent consists of 110 grams of sodium carbonate and 200 grams
of sodium salicylate dissolved in water and made up to a volume of one
liter. To this solution, 30 milliliters of 50 per cent sodium hydroxide
(equal parts by weight of sodium hydroxide and water) are added.
After mixing well, 100 milliliters of normal butyl alcohol are added. If
placed in a tightly stoppered container, the reagent will keep indefinitely.
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Design of Test Bottles'
Since the skimmilk test bottles require a sample of at least 10 milli-
liters for a satisfactory test, specially designed bottles for analyzing
smaller samples were constructed. The design and construction of these
test bottles are shown in Figure 1 and Figure 2. The larger size, Figure
1, is designed for use with a 3-milliliter sample. This is a convenient
size for work with large animals, as an ordinary 15-milliliter centrifuge
tube of blood yields sufficient plasma or serum for duplicate determina-
tions. The smaller size, Figure 2, requires only 0.25 milliliter of plasma
or serum and is adapted to clinical use or research with smaller animals.
The construction of these bottles with the filling neck entering the
bottom of the bulb rather than the side is a decided improvement over
the design of the ordinary skimmilk test bottle. The bulb is entirely free
from obstructions to the rise of the
fat into the reading neck. _ Clean-
ing is also greatly facilitated, since
the bottle is essentially no more than
a pipette with a bent stem, through
which water or cleaning solutions
may be drawn without difficulty.
These bottles fit the standard
cups or metal tubes of the Inter-
national Centrifuge. For the larger
size, the rubber cushion should be
grooved to provide clearance for the
lower part of the filling neck. Such
cushions may be made without diffi-
culty from ordinary rubber stoppers.
Procedure in Determining
Blood Fat
Using an ordinary pipette, 3
milliliters of well mixed plasma or
serum are measured into the filling
neck of the test bottle. A very gentle
suction applied at the opening of the
reading neck as shown in Figure
3 draws the sample into the bulb of
the bottle as rapidly as it flows from
the pipette. Five milliliters of reagent are added in the same manner
and thoroughly mixed with the sample by allowing air to be drawn
gently through the mixture. A small wooden stopper is then inserted
FIG. 1. BOTTLES USED FOR DETER-
MINATION OF BLOOD FAT WITH
3-MILLILITER SAMPLES
A, empty bottle; B, sample and re-
agent added, ready for digestion, show-
ing stopper in filling neck; C, com-
pleted test showing stopper inserted in
reading neck and fat column in posi-
tion for reading.
These test bottles, in either size, may be secured from the Fisher Scientific Co., 709-717
Forbes, St., Pittsburgh, Pennsylvania, U.S.A.
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tightly into the opening of the filling neck to prevent any of the sample
from being forced back out of this opening while being digested. The
bottles are then placed in a water bath at 85° to 90° C. (185° to 194°F.)
and digested for 20 minutes with occasional shaking. The water baths
and racks designed for use with
ordinary test tubes may be used for
this purpose.
After digestion, the stoppers are
removed and the samples are cen-
trifuged for five minutes. The speeds
ordinarily employed for the Bab-
cock method of determining fat in
milk are sufficient for separation of
the blood fat by this method. With
the 0.25-milliliter test bottle, a
slightly higher speed may be used
to insure a compact fat column.
After centrifuging for five min-
utes, hot water (85° to 90° C.) is
added until the liquid rises to the
base of the reading neck. The addi-
tion of the hot water is greatly facili-
tated by use of an elevated container
such as is shown in Figure 4. A
long slender cannula or hypodermic
needle is connected to the container
by means of a length of rubber tub-
ing equipped with a pinchcock for
controlling the flow of the water.
The cannula is inserted well into the
filling neck when adding hot water to prevent the forcing of air bubbles
into the bottle, where they might cause trouble by rising into the fat
column.
After centrifuging for two minutes, the bottles are filled with hot
water until the filling neck overflows. This automatically brings the fat
column to the proper level for reading. The samples are then centrifuged
for two minutes which should bring all of the fat into the neck of the
bottle in a clear, compact column free from water droplets or air bubbles.
A small wooden plug is then inserted tightly into the top of the filling
neck and the samples are placed in a water bath at 60° C. for five
minutes before reading. The purpose of the wooden stopper is to pre-
vent shifting of the fat column while the sample is in the water bath
and while it is being read. Dividers are employed in measuring the
length of the fat column and transferring this measurement to the grad-
uated scale on the neck of the bottle. The reading is most accurately
FIG. 2. BOTTLES USED FOR DETER-
MINATION OF BLOOD FAT WITH
0.25-MILLILITER SAMPLES
A, empty bottle; B, sample and re-
agent added, ready for digestion, show-
ing stopper in filling neck; C, com-
pleted test showing stopper inserted
in reading neck and fat column in
position for reading.
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made by taking the measurement from the top of the upper meniscus to
the top of the lower meniscus of the fat column.
The figure for density used in calibrating the test bottles (0.93 gram
per milliliter at 60° C.) is the average value found for 16 different
samples of blood fat as listed in Table 1. Blood fat determinations were
made at monthly intervals on all animals of a herd numbering more than
100. Sufficient fat was recovered from the test bottles following each
FIG. 3. MEASURING TITE SAMPLE INTO TIIE TEST BOTTLE WITH AID OF
SLIGHT SUCTION
The reagent is added in the same manner.
of these monthly series of tests for a specific gravity determination by
the standard pycnometer method, using a pycnometer of approximately
one-milliliter capacity. Each of the values recorded in Table 1, therefore,
represents an average value for a large number of animals, as each of
these samples was actually a composite from more than a hundred
animals representing four breeds, both sexes, and various ages and con-
ditions of lactation.
Cleaning the Glassware
For emptying and cleaning the bottles, a length of rubber tubing
attached to an ordinary water suction pump of the aspirator type is
used. The suction is first applied at the tip of the reading neck, drawing
out the fat and enough of the hot reagent to clean out thoroughly any
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remaining traces of fat. The suction
is then applied to the filling neck,
as shown in Figure 5, and the re-
maining liquid is quickly drawn
from the bottle.
The bottles, while still hot, are
then submerged in a container of
hot water to which a small amount
of acid has been added and are al-
lowed to fill completely. The water
is then drawn out and the bottles
are rinsed again in the same manner
with hot water, after which they are
ready for use. The acid used in the
first rinse water dissolves any traces
of alkali which may remain in the
bottles, and they are left perfectly
clean and clear. The alkali reagent
itself is an effective cleanser, and
no additional cleaning measures are
ordinarily required.
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FIG. 4. ADDING HOT WATER TO BRING
FAT INTO READING NECK
DISCUSSION OF METHOD
In the volumetric determination of fat in milk by the method of Peter-
sen and Herreid (1929), the hot reagent dissolves the milk proteins and
the protective layer composed of protein and phospholipids (Palmer and
Samuelsson [1924] , Palmer and Wiese [1933], Wiese and Palmer
[1932] [1934] ) which is adsorbed on the surface of the fat globules.
With the emulsifying agents dispersed, the fat globules coalesce and are
readily separated by centrifuging. The phospholipids are not recovered
with the fat as has been shown by Petersen and Herreid (1929) and
repeatedly confirmed by others. The neutral fat is recovered with little
or no change, together with any lipid material dissolved in or chemically
combined with the fat.
It seems only logical to assume that similar principles are responsible
for the recovery of fat from the blood serum or plasma by essentially
the same treatment. Information on the physical state of the lipids in
blood is not entirely satisfactory nor complete. It has long been known
that extremely fine particles, visible under a dark field microscope, are
present in blood, particularly during the period when fat is being ab-
sorbed from the digestive tract. It was also established that these parti-
cles, known under a variety of names as blood dust, fat dust, hematoconia,
molecular base of the chyle, elementary granules, etc., were composed,
in part at least, of fat. Gage (1920) in reporting observations on these
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particles gave them the name of chylomicrons. Gage and Fish (1920)
(1921) (1924) found these to be closely associated with the fat and used
the number of chylomicrons as a basis for estimating the relative concen-
tration of fat in the blood under various conditions. Ludlum, Taft, and
Nugent (1929) (1931) have studied the physical and chemical behavior
of these particles. They found the isoelectric point to approximate that
of the blood proteins and were of the opinion that the protective layer
of the fine fat emulsion is composed of protein. However, they point
FIG. 5. EMPTYING TIIE CONTENTS OF TIIE TEST BOTTLE IN CLEANING
out the possibility that this might be a case of cumulative protection,
with phospholipids adsorbed at the fat interface, and in turn protected
by a layer of protein. They point out the similarity to the condition of
fat in milk where they state that the protective agent is known to be
protein. The recent investigations of Palmer and associates (cited
above) have definitely shown that phospholipids play a very important
part in stabilizing the emulsion phase of milk. It is hardly probable that
such an effective emulsifying agent as the phospholipids would be present
in the relatively high concentration found in blood plasma or serum,
without playing some part in stabilizing the fat emulsion, granting that
the same statement might apply equally well to the proteins. Whether
adsorbed on the surface of the fat particles or in colloidal dispersion as
would otherwise be expected, the phospholipids are exposed to the direct
action of the reagent in which they are soluble, and should not be re-
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covered with the fat. This is borne out by the fact that analysis of the
fat recovered from blood plasma by this method has shown that it con-
tains no measurable phosphorus.
The cholesterol appears to be recovered quantitatively as is shown by
the fact that the non-fat portion remaining in the test bottle, when
neutralized, dried, and extracted with alcohol or chloroform, yields no
material which will form precipitate with digitonin, nor any substance
which reacts to color tests for cholesterol. The fat recovered from the
plasma, however, contains a relatively large amount of cholesterol which
is probably responsible for the high specific gravity of the fat recovered
by this method. This suggests that the cholesterol is intimately asso-
ciated with the neutral fats or fatty acids of the blood. Free fatty acids
immediately combine with the alkali reagent to form soluble salts. If
found in the blood stream in any other condition than intimately asso-
ciated or combined with the fat, they will not be recovered. Pure fatty
acids when added to blood plasma do not increase the reading.
The fact that the change in chylomicron count of the blood serum
does not always parallel the change in total fatty acids as shown by
Bloor, Gillette, and James (1927) does not necessarily prove that all of
the fat of the blood plasma is not in the form of chylomicrons as the
chylomicron count considers only the number and not the size of the
particles. Ludlum, Taft, and Nugent (1929) point out the fact that they
may vary as much as three-fold in diameter, which corresponds to a
twenty-seven-fold increase in volume. A reduction in numbers does not
necessarily denote a corresponding decrease in volume. It is possible
that there may be a tendency for the smaller particles to be removed
from the circulation first, in which case the chylomicron count would
be reduced more rapidly than the total fatty acids as determined by chem-
ical methods. It seems probable that the method of fat determination
employed in this investigation recovers the neutral fat and sterol esters
of the chylomicrons, together with other lipid material associated with
the fat, which includes the free sterols and the lipochromes, by dispersing
the protective substances adsorbed at the fat-water interface.
The material recovered from the blood plasma by the method de-
scribed in this paper is spoken of as "blood fat" with full appreciation
of the fact that it undoubtedly contains sterols, sterol esters, and fat-
soluble pigments as well as neutral fat. This is likewise true of many
other naturally occurring lipid mixtures which are commonly spoken of
as fats. The use of the general group name "lipid" would be misleading
as the term "blood lipids" might be expected to include the phospho-
lipids, which have been found not to be included in the lipid material
recovered by this procedure. The simple term "blood fat" is probably
as satisfactory as any other, if it is used with the understanding that it
does imply that the substance is composed entirely of glycerides.
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DETERMINATION OF CHOLESTEROL
Cholesterol may be determined upon a small amount of the fat drawn
from the reading neck into a tared capillary pipette. The sample of fat
is weighed and washed from the pipette into a small graduated glass
stoppered cylinder with chloroform. It is then made up to volume with
chloroform and cholesterol, is estimated colorimetrically. By calculation
the cholesterol content of the original sample of plasma may be secured.
Any procedure for determination of cholesterol or cholesterol esters may
be applied in a similar manner to the fat recovered from the reading neck
of the test bottle after the fat determination has been completed.
ADVANTAGES OF METHOD
The principal advantage of this method is the speed and ease with
which it is carried out. For the routine determinations required for the
investigations described in the second section of this bulletin, 48 test
bottles, 2 water baths with racks of 24-bottle capacity, and a 24-bottle
Babcock centrifuge were used. The first 24 samples were measured into
the test bottles, reagent was added, and they were placed in the water
bath to digest. While these samples were in the water bath, the second
lot of 24 was being prepared. While the first lot was being centrifuged,
the second lot was in the water bath, and readings were taken on the
first lot while the second lot was in the centrifuge. By this systematic
arrangement, 48 samples were tested and the bottles cleaned for the next
test by one person in about two hours. As many as 192 samples (96
duplicate determinations) were tested in a single day. The monthly
routine of collecting blood samples from more than 100 animals, pre-
paring the plasma, and making the determinations was usually completed
in less than three days. This illustrates the adaptability of the method
for work requiring analysis of large numbers of samples.
This method also compares very favorably with others in many re-
spects. The equipment is simple and relatively inexpensive. No special
technical skill nor training is required for carrying out the procedure,
and only a reasonable amount of care is required to secure accurate re-
sults. The entire process from the time the sample is measured until
the final reading is made is carried out in one container with no danger
of loss in filtering or transferring. Only two measurements are included
in the procedure, one when the sample is measured into the test bottle
and the second when the length of the fat column is measured.
No calculation is required as the bottles are graduated to read directly
in the generally used terms of milligrams per 100 milliliters. The cali-
bration of the bottles is based entirely upon definitely determined values
and is not dependent upon any assumed chemical formulas or reactions.
The fatty material of the blood presumably is recovered in essentially the
same chemical condition as when in the blood stream, merely being freed
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from the emulsifying agents and separated from the non-fat portion of
the plasma or serum.
A long, clear fat column is secured, which may be measured with a
high degree of accuracy. The method has given satisfactory results with
the plasma or serum of all species upon which it has been tried, including
that of human, dog, fowl, horse, sheep, swine, and bovine blood.
Duplicate samples tested under routine laboratory conditions where
the tests were run at the rate of about twenty samples per hour differed
by an average of only two per cent of the average value of the samples.
Composite samples made up of aliquots from individually tested lots
of plasma were tested and found to agree very closely with calculated
values even when they included plasmas of widely different fat content
or from different species of animals.
These facts indicate that for comparative determinations, at least,
satisfactory results are secured. This is further borne out by the fact
that changes in the fat content of blood plasma known to be associated
with various conditions are clearly brought out by this procedure. A
sample of human blood collected after a 15-hour fast was found to con-
tain 272 milligrams of fat per 100 milliliters. A second sample taken
from the same subject later in the day, three hours after a meal of high
fat content, contained 386 milligrams of fat per 100 milliliters, repre-
senting an increase of approximately 30 per cent due to fat absorption.
The differences in the blood fat of cattle observed to be associated with
age, stage of lactation, and other factors are in agreemcnt with obser-
vations of other investigators using accepted methods, as is brought out
in detail in the second section of this bulletin.
With no change in principle, by using test bottles of the proper size
this procedure has been used for samples of 0.25 milliliter, 1.0 milliliter,
and 3 milliliters. The only essential differences of procedure found neces-
sary, aside from reducing the amount of reagent for the smaller samples,
was that a higher centrifuge speed is necessary because of the smaller
reading neck, in order to secure compact fat column. Samples have been
tested successfully, using the reagent and procedure of this method with
Riickert's lipokrit tubes, but the bottle shown in Figure 5 was found
more convenient. RUckeres reagent and procedure may likewise be used
with the test bottles designed for this test.
COMPARISON WITH BLOOR'S METHOD
• While, unfortunately, no entirely satisfactory basis for comparison is
afforded by any other method, it was considered desirable to compare
results secured by this new method with those secured by Bloor's method
since the latter is so generally used.
A number of samples have been tested by the method described in
this bulletin in comparison with the method of Bloor (1928) which is
employed in most research laboratories where blood lipids are being
16 MINNESOTA TECHNICAL BULLETIN 130
studied. It is not to be expected that this method should give the same
values as the method of Bloor for total lipids, but similar relationships
between the values of samples of varying lipid content should hold when
determinations are made by either method. This new volumetric method
has given values approximately 30 per cent lower than total lipid values
by Bloor's method in most samples. The following values w.ere observed
for three samples of plasma of widely different fat content on which de-
terminations for total lipids were made simultaneously by Bloor's method,
after first determining blood fat by the new method :
Total lipids— Blood fat—
Bloor's method Allen's method
(Mgms. per 100 ml.) (Mgms. per 100 ml.)
Sample No. 1  220 156
Sample No. 2 472 325
Sample No. 3  38 14
Differences of this extent are not surprising in view of the fact that
values for fatty acids from the phospholipids are included by Bloor's
method while phospholipids are not recovered by this new method.
Cholesterol was not determined separately in the determinations by
Bloor's method, but the factor 3.7 was used for estimation of total lipids
from the amount of dichromate used in their oxidation as suggested by
Bloor (1928). Boyd (1937) has found the factor 3.7 to be too high.,
3.25 being more nearly correct. If this is true, the differences are some-
what less than indicated above.
Sample No. 3 was taken from a calf only a few hours old, but which
had already nursed. We should probably expect that phospholipids
would play a relatively more important role in the blood of the new-
born animal, where almost no alimentary fat is found, and that the rela-
tive differences between values by the two methods due to the phospho-
lipids would be much greater.
It must also be borne in mind that the results by the two methods
are not expressed in the same units. The factors and equations neces-
sary in arriving at the final values by a method involving oxidation do
not interfere with its usefulness for comparing different samples of
plasma by the same method. They may be of much greater importance,
however, when involved in a comparison with a method based upon en-
tirely different principles. Many more comparisons would be needed for
the establishment of any definite degree of relationship.
SUMMARY
A simple volumetric procedure is described by which blood fat is
determined rapidly and accurately on samples of as little as 0.25 milli-
liter of plasma or serum. The fat is liberated by digestion of the blood
plasma or serum with an alkaline reagent which disperses the protein
and phospholipids into a molecular state. The fat is separated by centri-
fugal force and is measured volumetrically in the calibrated neck of
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specially designed test bottles. The entire procedure is carried out in
these specially designed test bottles, which are described in detail.
Neutral fat, sterols, sterol esters, and lipochromes are recovered in the
"blood fat," but phospholipids are not included. Cholesterol and choles-
terol esters may be determined separately on samples of fat removed
from the reading neck of the test bottles with a fine capillary pipette.
II. Factors Influencing the Fat Content
of the Blood Plasma
INTRODUCTION
It is only natural in studying problems related to the physiology of
milk secretion that interest should be aroused in the chemistry of the
blood. All of the raw material from which the milk is elaborated in the
mammary gland must reach the gland through the medium of the blood
stream. We should expect to find in the blood the precursors from which
the milk is synthesized in the gland. In the course of investigations at
this institution upon the fat content of milk as related to the fat content
of the diet the question of the changes in the fat of the blood naturally
arose. An examination of the literature upon the subject revealed the
fact that little information was available on the blood lipids of cattle,
and that it was not possible to secure from the literature satisfactory in-
formation even as to what constitutes normal values or on factors re-
sponsible for variations under normal conditions. Recent papers have
made valuable contributions to the knowledge upon this subject, but the
investigations have of necessity been limited to relatively small numbers
of animals due to the time-consuming methods of analysis available. The
development of the simple and accurate method for blood fat determina-
tion, as described in the first section of this paper, has made possible the
collection of extensive data which supply much more representative
values and more reliable information than is secured by use of small
numbers of subjects.
It seems rather presumptuous to forecast the use of the lipid level of
the blood as an index of productive capacity on the basis of meager data
collected and analyzed without knowledge of the many hereditary, en-
vironmental, and physiological factors which may affect such values,
although the value of such data as a contribution to the scanty knowl-
edge on the subject is fully appreciated. Most of the more recent in-
vestigations have attacked more detailed phases of the problem rather
than attempting to generalize on the wider aspects. It is felt that the
part of contributing factors such as breed, sex, age, stage of lactation,
feeding conditions, gestation, time of day, season of year, degree of
fleshing, and many others must be understood before any conclusions
may safely be reached concerning the value of the lipid level of the blood
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as an index to breeding value, or before such an index can be applied
intelligently if a definite relationship exists. With the view of con-
tributing new information where possible and lending the support of
numbers to the results of investigations already reported, this rather ex-
tensive study of the influence of various factors upon blood fat was
undertaken.
REVIEW OF LITERATURE
Lawrence and Riddle (1916), Warner and Edmond (1917) (1918),
and Riddle and Harris (1918) have reported that the blood of laying
fowls contains a considerably larger percentage of fat, as determined by
extraction with solvents, than the blood of non-laying or male fowls.
Warner and Edmond found little correlation between blood fat and
yearly egg yield. They postulated that the principal reason for the higher
blood fat in laying birds is the fact that the fat is being carried by the
blood from the body stores to the egg yolk. Riddle and Burns (1927)
have substantiated previous observations on the higher levels of blood
fat during ovulation, and have found male birds, as a group, to be lower
than females, even in the resting stage.
Porcher (1922) (1925) seems to have been the first to call attention
to the possible relationship of the fat of the blood, which he terms "sang
butyreux," to the ability of cows for production of milk fat. He cites
work of Terroine with the dog and the cat in which wide variation was
found in the quantity of fatty acids in the blood of different individuals,
as contrasted to the relatively constant values for other blood constituents.
Shope and Gowen (1928) reported that the cholesterol and choles-
terol esters of the blood serum of cattle decreases in later pregnancy,
decreases further during the first two days after parturition, then gradu-
ally rises, being highest during lactation.
Marcq (1929) compared the blood-fat level of two cows and found
that the cow with the higher butterfat concentration in her milk also
consistently had a higher concentration of blood fat and on this basis dis-
cussed the possible value of blood-fat determination in selecting dairy
breeding stock. Maynard and McCay (1929) have reported a gradual
decrease in blood lipids in cows when continued on rations of extremely
low fat content.
Porcher and Maynard (1930) present a review of the rather scant
literature concerning the question of the blood lipids in relation to lacta-
tion. Their own experiments show a marked degree of parallelism be-
tween the amount of fatty acids and of unsaponifiable matter in the blood
plasma. The variations in fatty acids and unsaponifiable matter was not
very great from day to day nor at different times of day. These values
were relatively low during the period preceding and immediately follow-
ing parturition, but increased rather markedly after the first three days
following parturition. No appreciable increase was noted following an
increase of 40 per cent in the fat intake. The fatty acids and unsaponi-
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fiable matter of the blood were much less variable than in the milk, and
the blood contained a relatively much higher proportion of unsaponifiable
matter. No definite relationship was found between the percentage of
fat in the milk and the amount of fatty acid and unsaponifiable material
in the blood. The results of a comparison of mammary and jugular
blood were not consistent. Suggestions are made as to desirable methods
for determining whether or not a relationship exists between the "sang
butyreux" and the fat of milk.
Awdejewa and associates (1930) have made detailed observations
on the various blood constituents of cattle, including fat. They found
the lowest values during the period of stall feeding and highest during
the pasture season. They had only three animals and did not consider
stage of lactation and various other important factors. Therefore definite
conclusions are hardly justified.
Kronacher, Bottger, and Schaper (1930) have made studies on blood
values of cows as related to milk production, but did not include blood
fat.
Leroy, Marcq, Velini, Valissant, and Barjot (1931), on the basis of
a total of 87 samples of blood from 33 cows and 11 bulls representing
five breeds, have concluded that the fatty acid content of the blood is
higher during the second half of lactation than during the first half and
lower in non-lactating than in lactating cows. Young animals were
found to have blood of lower lipid content than older animals, and, at
the same age, bulls were lower than cows. The fatty acids and choles-
terol of the blood were increased by absorption of fat from the ration.
They report a high degree of correlation between the richness of the milk
in butterfat and the fatty acids and the total lipids of the blood. The
extent of their observations hardly justifies their conclusion that under
strictly defined feeding conditions the fatty acids and total lipids of the
blood constitute a good measure of breeding value. Maynard, Harrison,
and McCay (1931) have studied the total fatty acids, phospholipid fatty
acids, and cholesterol of the blood of cows as related to the lactation cycle.
They found a rapid and approximately parallel rise in all of these con-
stituents after parturition, followed by a gradual drop. They found that
the rise following parturition occurred in a cow held at constant nutrient
intake, and that in a cow in which milk secretion was induced prior to
parturition, held at a constant nutrient intake, a rise in blood lipids
occurred with the initiation of the secretion. These, with other observa-
tions, are interpreted as demonstrating that lactation has an influence
upon blood lipids independent of changes in fat intake.
McCay and Maynard (1931) found that on diets of extremely low
fat content, the phospholipids and total phosphorus of the blood plasma
were lowered, but that the phospholipids of the erythrocytes were un-
affected.
Masaers (1931) compared two groups of four cows of different
breeds at different stages of lactation but under the same feeding condi-
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tions. The small numbers and the high variability between individuals
did not justify conclusions as to the value of the blood lipid content as
an indication of capacity for production of milk fat. Maynard (1932)
discusses various aspects of the question of the blood lipids in relation
to fat metabolism with observations from previous work and work in
progress at the time which has since been reported. Schaible (1932)
found the total fatty acids, lipid phosphorus, and neutral fat of the blood
plasma to be higher in lactating cows than in steers or nonlactating
cows, but cows with relatively high values when dry also gave high
values during lactation. The fatty acids of the cholesterol ester fraction
were found to exhibit a high degree of unsaturation, the fatty acids of
the plasma lecithin a much lower degree, while those of the neutral fat
were intermediate. While the amount of plasma lipids varied greatly
between the dry and lactating periods, the iodine number as well as the
distribution of the lipids was very similar.
Platikanoff (1932) in a study of the lipid material of the blood plasma
of cows found little variation between daily samples, and no relationship
to time of feeding. The values were more variable and higher in sum-
mer under pasture conditions than in winter. A high degree of correla-
tion was found between total and combined cholesterol and between total
cholesterol and total fatty acids, but the correlation was much lower for
free and combined cholesterol. No definite conclusions were reached re-
garding the relationship of blood lipids to lactation or pregnancy. No
correlation with the fat content of the milk was found.
Bender and Maynard (1932) working with lactating goats found
that the level of blood lipids showed marked variations which in general
followed the changes in fat intake. The parallelism between the various
lipids with the changes in total lipids was observed in this as in previous
studies.
Marcq and Devuyst (1933) are cited by Doulkin and Helman (1934)
as having contradicted previous conclusions in that their data failed to
show a correlation between richness of the milk and the content of the
blood in either total fatty acids or lecithin. Doulkin and Heiman (1934)
have studied the cholesterol and phosphatides of the blood serum of
lactating cows. They found a high negative correlation between choles-
terol and quantity of milk produced and a high positive correlation be-
tween lecithin and richness of the milk at the time the sample is taken.
Williams and Maynard (1934) found that in the plasma of lactating
goats fed on a diet of extremely low fat content, the total lipids, phos-
pholipids, and total and free cholesterol decreased gradually, and in-
creased when fat was added to the diet.
McCay and Maynard (1935) found no relationship between the feed-
ing of cod-liver oil, shark-liver oil, or salmon oil and the amount of lipids
in the blood plasma of cows, but report an increase in the iodine number
of the plasma lipids. They found the total lipids to be lower in mam-
mary than in jugular blood.
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Jordan (1935) has reported on the fat content of the blood and
plasma of farm animals, including cattle. Schoorl (1935) reports an
apparent correlation between the fat production of cows and the lipid
content of the blood of their calves. This is probably largely a relation-
ship of the blood lipids to fat intake.
Parry and Smith (1936) studied the fatty acids isolated from 51.7
liters of ox blood and representing about 70 per cent of the estimated
total. They found that the unsaturated acids comprised a large part of
the total and that over 40 per cent consisted of Coo and C22 unsaturated
fatty acids with from 1 to 4 or 5 double bonds, which are not found in
appreciable amounts in feedstuffs or in depot fat, suggesting synthesis
in the tissue.
Maynard, McCay, and Madsen (1936) found that the iodine value of
milk fat, and to a less marked degree of the blood lipids, was influenced
by the fats of widely different iodine value which were fed to cows dur-
ing alternate periods.
Graham, Kay, and McIntosh (1936) and Graham, Jones, and Kay
(1936), in a study of the precursors of the constituents of milk, have
compared the composition of the arterial blood supplying the mammary
gland with that of the venous blood flowing from the gland. On the
basis of the changes in lipid content, they have concluded that the fat
of cows' milk is derived in the main from the non-phospholipid fatty
acids of the blood.
PLAN OF EXPERIMENT
The samples of blood used in this study were drawn from the jugular
vein into 15-milliliter centrifuge tubes containing sufficient sodium citrate
to prevent coagulation. The blood was centrifuged 30 minutes and the
plasma was drawn off into a second tube. This is facilitated by use of
the equipment and procedure shown in Figure 6, or by using a mirror
placed at an angle of 45 degrees it is possible to draw off the plasma
very completely by means of a pipette. It was found necessary to draw
off all of the plasma and to mix \veil before taking the sample for analysis.
Some samples showed no tendency for the fat to separate, the top and
bottom layers, after an hour of centrifuging at high speed, showing the
same fat content. It was found in other samples that there was a marked
concentration of fat in the upper layer when centrifuged. The 15-milli-
liter centrifuge tube full of blood yields sufficient plasma for duplicate
determinations using 3-milliliter samples.
The blood-fat determinations were made by the method described in
Part I of this bulletin, except that the test bottles used were not grad-
uated. The length of the fat column was measured with the specially
designed calipers shown in Figure 7, and a calibration factor previously
worked out for each bottle was used to calculate the final reading. The
determinations were always made in duplicate and the average of the two
readings taken.
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Samples were taken monthly from the entire University herd of pure-
bred dairy cattle consisting of over 100 animals representing four breeds
and all ages. The data thus collected form the basis of the bulk of the
observations included in this bulletin, although, in addition, a number of
more detailed studies were included as will be indicated. After more
than a year of preliminary work in developing the procedure and study-
ing factors concerned with the method of sampling, the first of the
monthly series of samples was taken in November, 1932, and the samples
were taken monthly thereafter for a period of more than two years. The
samples were always collected in the morning, starting about 9 o'clock,
although preliminary work indicated that the time of day is not an im-
portant factor in sampling.
After the determinations were made, the fat was recovered by draw-
ing from the reading neck of the bottle by use of the apparatus shown
in Figure 6. It was washed free of reagent with hot water and dried
under reduced pressure. It was then .taken up with petroleum ether,
filtered through a fat-free filter, and the ether was evaporated off under
reduced pressure. More than a gram of the fat was thus recovered with
each monthly test, and the specific gravity was determined by the pycno-
meter method. The fat thus obtained was preserved for chemical an-
alysis.
FIG. 6. DRAWING OFF TIIE PLASMA FROM TIIE CENTRIFUGED BLOOD
The same equipment was used for recovering the fat from the reading neck
of the test bottles.
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FIG. 7. EQUIPMENT USED FOR FAT DETERMINATION IN STUDY OF BLOOD
FAT IN DAIRY CATTLE
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A, device for providing suction for filling bottles; B, water bath and rack
showing bottles ; C, calipers for measuring length of fat column; D, equipment for
adding hot water.
NATURE AND PROPERTIES OF BLOOD FAT
The fatty material which is recovered from bovine blood by the pro-
cedure outlined in this bulletin is completely soluble in all of the ordinary
fat solvents, either hot or cold. It is not readily soluble in ethyl or
methyl alcohol even at boiling temperature but dissolves in hot butanol.
The melting point of the fat is approximately 20° C., although it is
probable that considerable variation will be found in the melting point
under different conditions of feeding due to the influence of the alimentary
fats absorbed from the digestive tract.
Perhaps the most striking characteristic of the fat from bovine blood
is the high degree of pigmentation. It has a deep reddish-orange color
and a distinctive odor similar to that of concentrated solutions of caro-
tene. Palmer and Eckles (1914) have shown that the principal pigment
of the blood lipids of the bovine is carotene. When diluted to a lower
concentration with fat solvents, the pigment is found to be a clear yellow.
Individual differences in degree of pigmentation were very noticeable
in the fat columns when the tests were being read. Breed differences
are very apparent as is the case with milk fat. It was found possible
to distinguish between the samples from Guernsey cows and those from
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Holstein cows with a high degree of accuracy by merely observing the
intensity of the pigment in the fat column. Actual comparisons of the
degree of pigmentation can be made easily in conjunction with the deter-
mination of the amount of the fat in the blood. This offers a very simple
and easy way of obtaining the fat for pigment studies.
Fat from the blood of newborn calves was found to be only slightly
pigmented. While there was a marked increase with the consumption
of milk, the intense color found in the blood fat of mature animals was
not usually observed until the calves were consuming appreciable quan-
tities of hay.
When each of the monthly series of fat determinations was made, the
fat was recovered by use of the apparatus shown in Figure 6. After
the specific gravity determination had been made, the sample in a small
tightly .stoppered container was stored at a temperature of —24° C. In
the series of samples thus collected, seasonal differences in pigmentation
were very noticeable, the samples taken during the months when the cows
were on pasture being more intensely pigmented than those taken during
the months of stall feeding.
Samples of human blood and of fowl blood showed a high degree of
pigmentation in the fat column: The fat from horse blood was pigmented,
but less intensely than that of the bovine. The fat from swine, sheep,
and dog blood was colorless.
The pigment oxidizes rapidly when the fat is exposed to the air and
light. A film of the fat will lose its color completely in a few days if
placed in a light, warm room. Some of the fat has been held in a small
tightly stoppered container with light and air excluded at a temperature
of —24° C. for a period of about 4 years without noticeable loss of color.
This fat exhibits very definite drying properties. A film spread on
a glass slide dried to a hard varnish-like consistency when exposed to
the air for a few days.
No extensive observations were made on the chemical or physical
properties of the fat of the blood, as this in itself constitutes a rather ex-
tensive problem which would require more time than was available.
Since a considerable amount of the blood fat (about 25 grams) was
available, it was thought that a determination of some of the more com-
monly used constants might yield some worthwhile information.
Phosphorus determination indicated that the fat recovered by this
method is free from phospholipids. The fat was found to contain 84.17
per cent of non-saponifiable material as determined by the official pro-
cedure of the A. 0. A. C. (1935). This high value suggests that the
blood fat contains much greater amounts of sterols, and of sterol esters
which are not readily saponified by this procedure, than are found in
body fats or in milk fat.
The iodine number of this sample by the Hanus procedure was found
to be 104.24. The thiocyanogen value by the method of Amp (1932)
was found to be 44.71. The great difference between the iodine value
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and the thiocyanogen value suggests that the more highly unsaturated
fatty acids are present in blood fat in much greater amounts than in
body fat or milk fat. The observations on this single sample are, of
course, too limited to be of any great value, but they are in general
agreement with observations which have been made by others. This
method of isolation of the fat of blood offers excellent possibilities for
studying its nature and properties. Relatively large amounts of the fat
may be separated from large volumes of the plasma or serum of blood
with little difficulty and at small expense. After digestion of the serum
or plasma with the reagent, the fat separates very readily, most of it ris-
ing quickly by the action of gravity alone. Relatively large containers
may be used for digestion and for centrifuging, permitting handling of
large volumes in a short time. The fat, when recovered, has not been
subjected to extremely high temperatures nor to the action of very con-
centrated reagents. The fat should be recovered in essentially the same
condition as when it is in the blood stream, except for the removal of
the emulsifying agents. Only small volumes of solvents are needed for
freeing the fat from foreign materials which might be recovered with
it. The large volume of solvent required for extraction directly from
the blood serum or plasma introduces practical difficulties in obtaining
large amounts of the blood fat by direct extraction.
HOURLY AND DAILY VARIATIONS
It is a well established fact that the blood fat of carnivora fluctuates
considerably during the day, particularly in relation to ingestion of food,
but that of ruminants has been found more constant. In order to secure
information on the proper
procedure of sampling, sam-
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to their relatively constant process of digestion and absorption. Even
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the feeding of one pound of butterfat at a single feeding to two of these
cows produced no great rise in blood fat, although irregularly occurring
high values followed.
Daily samples were collected at 9 o'clock each morning from eight
cows for a period of 30 days in order to study the daily variations. The
results are shown in Figure 9. Although the fat content of the blood
plasma varied somewhat from day to day, and in some cases there ap-
peared to be some degree of parallelism among the individuals of the
group, a sample taken on any day from any of the eight animals would
have given a fairly representative value for the month. The daily fluctu-
ations are not sufficiently large to obscure the differences between in-
dividuals.
The above observations indicate that a random sample taken at any
period during the day on any day of the month should represent with
reasonable accuracy the average value for the month, providing such fac
tors as parturition or pathological conditions do not enter. The pro-
cedure of taking samples each month at approximately the same time of
day was adopted, however, since it involved no inconvenience and is
preferable from the standpoint of uniformity of procedure.
BLOOD FAT AS RELATED TO AGE
Tables 4, 5, 6, 7, and 8 show the relationship of the blood fat to
age. It was observed that heifers at all times previous to their first
parturition were consistently lower in blood fat than lactating cows. A
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number of samples taken from newborn calves previous to their first
nursing have been tested. In no case has a value sufficiently high for
reading been secured. Only a trace of fat containing little pigment was
recovered in any case. This indicates that the blood-fat level is prac-
tically zero at birth, and suggests that the fat of the maternal blood does
not traverse the placental membrane, in appreciable amounts; or if it
does, it is utilized to a high degree. Low values for lipids of fetal
blood have been uniformly reported for humans. Several workers have
shown that in some species, at least, fatty acids do traverse the placental
membrane in some form. The blood-fat value rises rapidly after the
calf has nursed, and the pigment gradually increases.
The individuals represented in Table 4 were sampled as a group at
monthly intervals, and for this reason some had their first test immedi-
ately after birth while others were almost a month old when the first
sample was taken.
The average values from these tables are presented graphically in
Figures 10 and 11. The fat of the plasma increased very rapidly during
the first weeks after birth, when the calf was consuming fairly large
quantities of whole milk containing a relatively high percentage of fat
as almost the sole diet. These facts have been borne out by work of
Wise (1936). The fat content of the plasma continued to increase until
the calves reached the age of about six weeks, after which it declined
rapidly until the calves were past three months of age. A gradual in--
crease then occurred until the animals were about one year of age. Dur-
ing the second year the average fat content of the plasma remained
remarkably constant. These changes were characteristic of all breeds
alike. A study of the method by which the calves were handled reveals
some interesting parallelisms. The plasma of the calves at birth con-
tained practically no fat. The increase was very rapid during the period
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when the fat intake was high due to a diet of whole milk. At ap-
proximately six weeks of age, the whole milk was replaced by skimmilk.
As a result of this replacement, the fat intake was greatly reduced. The
blood-fat values then declined until the calves were about three months
old, which represents approximately the age when the calves were be-
ginning to consume fairly large amounts of grain. The high degree of
parallelism between the fat content of the plasma and the fat intake sug-
gests very forcefully that the characteristic changes in blood fat accom-
panying the increase in age of dairy calves may be largely due to changes
in the amount and fat content of food consumed. This does not con-
stitute proof, however, that other factors may not also play a part in
bringing about these changes.
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FIG. 11. BLOOD FAT OF HEIFERS FROM ONE YEAR TO Two YEARS OF AGE
For detailed data, see Table 6 and Table 7.
BLOOD FAT AS RELATED TO SEX
It has consistently been reported that in dairy cattle the plasma of
the males is lower in lipids than that of females. Only a small number
of observations were made on mature bulls in this work. The herd bulls
in use in the University herd were tested occasionally with the following
average results:
Two Holstein bulls tested 202 and 81 milligrams of fat per 100 mil-
liliters of plasma, respectively. Two Guernseys gave average values of
146 and 145 milligrams per. 100 milliliters, while two Jerseys gave
values of 169 and 116 milligrams per 100 milliliters. These values lie
within the range observed for non-lactating cows, and certainly no de-
finite conclusions could be drawn from them. It hardly seems probable
that bulls, which are usually fed much less grain than milking cows and
consequently have a much lower fat intake, should have as high blood-
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fat content, particularly in view of the fact that in the males there is no
heavy demand upon the fat stores such as that caused by milk secretion
in the females.
All bull calves in this herd were tested monthly from birth until
removed from the herd. During the period covered by these investiga-
tions, 11 male calves remained in the herd until six months or more of
age. The values for these calves are shown in Table 8. It will be seen
that they followed the same general trend as heifer calves of the same
age, the actual average values being slightly higher for the males, but
showing no difference which could be considered significant.
It seems probable that diet and the activity of the mammary gland
are largely responsible for differences observed between the blood-fat
values for the two sexes.
BLOOD FAT AS RELATED TO BREED
Inasmuch as very great differences exist between the dairy breeds in
the richness or fat content of the milk, it would not be surprising to find
characteristic breed differences in the fat content of the blood. The data
collected in this investigation supply material for comparing the average
blood-fat level of the Holstein, Jersey, Guernsey, and Ayrshire breeds,
both in lactating cows and in immature heifers.
Tables 4, 5, 6, and 7 show the monthly blood-fat values of heifers
grouped according to breed, with averages for each breed. Figures 10
and 11 show a graphical comparison of the monthly averages for the
breeds. The values for Ayrshires are not included and the values for
Guernseys from 12 months to 24 months of age are not included, due to
the fact that sufficient numbers were not available to give values which
are in any sense representative. In view of the variability between in-
dividuals of the same breed, these data do not justify the conclusion that
there are any characteristic differences at ages under two years between
the breeds which they represent.
Table 9 gives the blood-fat values during an entire lactation for a
group of 20 Holstein, 18 Guernsey, 12 Jersey, and 3 Ayrshire cows.
These numbers, except in the case of the Ayrshires, should be sufficient
to give fairly representative values for each breed. The average monthly
values for each breed are plotted in Figure 12. Obviously there is no
markedly characteristic difference between the Jersey, Holstein, and Ayr-
shire groups. The cows of the Guernsey group on the average were
somewhat higher than the others during the peak of their lactation. An
important contributing factor may have been the method of feeding and
handling.
In the University herd, cows being tested for advanced registry are
milked three times daily during the period of heaviest milk production.
They are fed a greater quantity of concentrates and the concentrate mix-
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FIG. 12. BLOOD FAT OF DAIRY COWS AS RELATED TO BREED AND
STAGE OF LACTATION
For detailed data, see Table 9.
ture has a higher fat content than that fed to the other cows of the herd
which are milked twice daily. It was observed that the cows being
milked under advanced registry conditions seemed consistently to have
higher blood-fat values than those milked twice daily Under ordinary
herd care. It so happened that a relatively larger portion of the Guern-
sey lactations shown in Table 9 were made under the advanced registry
conditions than of the lactations for the other breeds. Ten of the 18
Guernsey lactations were made under advanced registry conditions as
compared to 6 of the 20 Holstein, 3 of the 12 Jersey, and none of the
Ayrshire lactations. This may have contributed materially to the higher
average values observed for the Guernsey group. During the latter half
of the lactation period, the blood-fat level of the Guernsey group was no
higher, on the average, than that of the other breeds. The highest in-
dividual blood-fat values observed during the course of this investigation
were those of a Holstein cow whose milk was characterized by extremely
low fat content.
If the animals included in this study may be considered as represen-
tative, it may be said that there is no clear-cut evidence of any character-
istic differences between breeds in the fat content of the blood of Jersey,
Guernsey, Holstein, and Ayrshire cows.
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SEASONAL VARIATIONS
It is extremely difficult to observe the effect of season of the year
without the interference of such factors as lactation and pregnancy. Dur-
ing the course of this investigation, however, largely due to a case of
sterility in one of the herd bulls, it was possible to select 14 heifers from
one to three years of age which were neither in lactation nor pregnant
at any time between June 1, 1933 and May 31, 1934. These animals
should be reasonably free from influences other than those of the season
of the year with the accompanying changes of feeding and management.
The values for these heifers are shown individually in Table 10. The
average blood-fat values are plotted in Figure 13. The lowest average
level of blood fat was that recorded in June of 1933 when the heifers had
been on the spring pasture for less than a month. There was a steady
rise during the summer months until the highest level was reached in
October, when the samples were collected immediately after the heifers
had been removed from pasture and confined in stalls under winter feed-
ing conditions. The fat level then dropped to a somewhat lower level,
where it remained relatively constant during the winter months, rising to
another peak in March and April, with a decline in May when the sam-
ples were taken about two weeks after the heifers had been turned out
on pasture. The graphical representation of the average blood-fat values
for this group of heifers suggests a fairly definite seasonal trend.
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FIG. 13. BLOOD FAT OF DAIRY HEIFERS AS RELATED TO SEASON OF YEAR
Average values for 14 heifers. For detailed data, see Table 10.
Temperature naturally suggests itself as a possible contributing factor
to seasonal variations. Feeding and exercise are also factors which differ
greatly between summer and winter conditions in handling cattle. All
three of these factors were much more constant during the winter months
when the heifers were confined to a warm barn with little exercise and
on a ration which varied but little from month to month.
The trend of the blood-fat level conforms to some extent to tempera-
ture conditions. During the winter months the animals were not ex-
posed to low temperatures, as they were confined to a barn where the
temperature was well above freezing even during the coldest weather.
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They were probably actually exposed to the lowest temperature in Octo-
ber, when the weather was cool and the animals were not sheltered, and
in April when they were turned out in outdoor lots during the day and
sheltered at night in a barn with doors and windows open. Extremely
warm weather prevailed during June and July, when the lowest blood-
fat level was reached.
Feeding conditions would undoubtedly play some part, since the
blood fat consists in part of alimentary fat which is being transported by
the blood stream. It is highly probable that the seasonal changes in
blood fat are due to interaction of a number of factors. It is not likely
that the trends recorded in these observations can be considered as typical
of all cattle. These heifers were adequately fed during the winter months,
and the nutrient intake was probably decreased when they were placed
on pasture to feed on the young grass of extremely high moisture con-
tent. On the other hand, under farm conditions the cattle are often un-
derfed during the months of stall feeding, particularly during the late
winter when the feed supply runs low. Under such conditions, the
animals are likely to be much more adequately nourished during the pas-
ture season.
Temperature relationships would also be 'quite different in a herd
where poor winter shelter is provided and consequently the animals are
exposed to extremely low temperatures during the winter.
These data are not presented, therefore, as being representative for
all conditions. They do indicate definitely that the seasonal changes are
not of sufficient magnitude to interfere seriously with observation of the
influence of such factors as stage of lactation.
THE INFLUENCE OF GESTATION
During the second half of the lactation period, cows are Usually
pregnant, and if we are to get a true conception of the influence of the
stage of lactation upon the fat content of the blood, we must have some
knowledge of the influence
of advancing pregnancy.
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FIG. 14. BLOOD FAT OF HEIFERS As INFLUENCED the influence of lactation.
BY GESTATION Monthly data on the fat of
Average values for 10 heifers. For detailed the blood plasma were avail-
data, see Table 11.
able for 10 heifers through-
out the period of their first pregnancy. The breeding dates of these
heifers are distributed between January 1 and June 1. These data are
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presented in Table 11 and the average values are shown graphically in
Figure 14. The variations are slight during the first seven months,
after which a marked decline occurs. This decline is noted during the
period when fetal development is rapid and the demands upon the mother
are heavy. Since the general practice is to dry off cows at least six
weeks before parturition, it does not seem probable that gestation con-
tributes directly to any great extent to the decline in blood fat with
advancing lactation. It may contribute indirectly, however, by causing
a more rapid decline of milk production than would occur if the animal
were not pregnant.
THE INFLUENCE OF LACTATION
The most marked changes in blood fat which have been observed
are those accompanying the lactation cycle. Monthly blood-fat values
throughout the entire lactation period were available for 53 lactations,
including 20 Holstein, 18 Guernsey, 12 Jersey, and 3 Ayrshire lactations.
The individual data for these observations are given in Table 9. The
average values by breeds are plotted in Figure 12. In the upper portion
of Figure 12, for comparison, the average daily butterfat production or
"persistency" curve is also plotted for the same cows during the same
period.
Low blood-fat values were observed immediately preceding and im-
mediately following parturition, followed by a rapid increase until the
peak was reached during the fourth and fifth months of lactation, after
which there was a gradual decline at a fairly constant rate. The blood-
fat curve does not follow the butterfat production very closely. The fat
content of the blood plasma continues to increase for two months or more
after the peak of butterfat production has been reached, after which the
decline follows, in a general way, the decline in butterfat production.
These trends follow, in a general way, those observed by Maynard, Har-
rison, and McCay (1931) for blood lipids in four cows. They also ob-
served that the peak in blood-lipid values was reached some time after
the peak of production was passed.
The changes in blood fat accompanying lactation are far greater than
those observed for different seasons of the year and for advance of
pregnancy. They are also far out of the range of chance variations ob-
served in daily samples. It is not surprising in some of the earlier in-
vestigations in which more or less scattered observations were made that
the conclusion was reached that the lipid content of the blood affords a
good index of producing ability. Obviously, within the lactation period
of an individual cow the fat content of the blood plasma bears a close
relationship to the amount of milk and butterfat produced. It is just
as obvious that, within the lactation period, no direct relationship exists
between the fat content of the blood plasma and the fat content of the
milk, since the richness of the milk varies but little during the lactation,
with the highest values usually occurring at the beginning and at the end
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when blood fat is lowest. Milk secretion, or some other factors asso-
ciated with milk secretion, appears to exert a very profound influence
upon the fat content of the blood plasma. No other constituent of the
blood plasma is known to be influenced to a similar extent.
The only environmental factor accompanying milk secretion which
would be likely to influence the blood fat to any marked degree is that of
food. When a cow comes into lactatioh, she not only receives much more
food, but usually food of higher fat content. The fat intake usually fol-
lows the lactation curve very closely. Maynard, Harrison, and McCay
(1931) have shown that lactation has an influence upon the level of blood
lipids independent of any effect which the fat intake may exert. They
found that the blood lipids increased when milk secretion was induced
prior to parturition, even though the food intake was kept constant. It is
a well known fact that a lactating cow, if underfed, will draw upon its
reserve nutrients, even to the detriment of its own body. It has been
found that the fat content of the milk of cows which are underfed during
the early part of their lactation period actually increases, presumably due
to mobilization of the reserve fat of the body to meet the demands for
milk secretion.
In order to determine whether it is possible to secure an increase in
blood fat by feeding alone comparable to that secured with the initiation
of lactation, an attempt was made to feed two dry non-pregnant cows as
much feed as they consumed during the peak of their lactation. The
cows persistently refused to consume any appreciably greater amount of
grain than they had been getting, so it was decided to increase the fat
intake to the level which would accompany heavy grain feeding. With
this in mind, 15 pounds of melted butterfat were added to each 100
pounds of concentrate which the cows received. By this method the fat
intake was increased to approximately that which these cows would re-
ceive during the peak of their lactation. The results are shown in Figure
15. Within a few days a steady increase in the fat of the blood plasma
began. Two weeks or more were required for the highest level to be
reached. The fat content of the plasma of Holstein cow No. 416 in-
creased until it reached a level higher than had been observed at any
time during the peak of her previous lactation. The fat of the plasma
of Jersey cow No. 189 increased almost to the maximum level which she
had shown during lactation. This demonstrates that increased fat intake
may cause an increase in the fat content of blood plasma as great as that
secured with lactation. It is accepted without question, however, that
other factors associated with lactation probably contribute to the increase.
In order to observe the influence of underfeeding, the nutrient intake
was suddenly decreased to about one third of maintenance requirements
by withholding all grain and feeding only a small amount of prairie hay.
The blood fat of both cows decreased markedly during the first 24 hours,
after which there was slight recovery followed by further decrease. It
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appears that the fat of the blood stream was quickly depleted before the
mechanism of the body had time to adjust itself by drawing upon the
reserve stores of fat. It is possible that similar conditions may be re-
sponsible for the low fat content of blood plasma during the period
immediately preceding and immediately following parturition. The com-
mon practice is to feed cows sparingly at the time of parturition. The
heavy and unaccustomed demand for nutrients accompanying the initia-
tion of secretion by the mammary gland may cause a low fat content of
the blood until the system of the cow has time to adapt itself to the
change. It is known that this is essentially what happens to the blood
calcium at that time, frequently resulting in parturient paresis or milk
fever due to the temporary depletion of the blood calcium.
Three cows were sampled daily to study the behavior of the blood
fat immediately following parturition. After three or four days of low
fat values, there was a steady increase at essentially a constant rate.
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INDIVIDUALITY IN BLOOD-FAT LEVEL
A pronounced individuality in fat content of the blood plasma seems
to exist in dairy cows. In testing the monthly samples, it was observed
that some cows consistently gave low values while others were just as
consistently high. Figure 16 shows the fat content of the blood plasma
of three cows through two successive lactations. There is a very marked
similarity between the two curves for the same cow, and there is also
a difference quite as marked between the curves for the different cows.
Guernsey cow No. 565 is characterized by high values as compared to
Jersey cow No. 155, although cow No. 155 produced more butterfat and
milk of higher fat content. Ayrshire cow No. 23 producing much less
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butterfat and milk of much lower fat content remained higher than cow
No. 155 throughout the year, although she only milked during about
eight months of the time. The cows with the lowest blood fat during
lactation also had the lowest blood fat during the dry period.
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RELATIONSHIP TO PRODUCTIVE CAPACITY
Monthly blood-fat values were available for a total of 46 cows in the
University herd which also had advanced registry records made under
closely standardized conditions. Most of these advanced registry records
were made at two years of age. The remainder were corrected to two-
year equivalents by use of age-conversion factors. The blood-fat values
for each cow from the second to the eleventh month of lactation in-
clusive, were averaged, excluding the first month to avoid the influence
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of the low values immediately following parturition. The coefficients of
correlation between the advanced registry butterfat record, corrected for
age, and the average fat content of the blood plasma were calculated.
The correlation coefficient for the entire group of 46 cows was —0.1396.
The coefficient of correlation for 19 Holsteins was +0.2682; for 17 Guern-
seys, +0.2527, and for nine Jerseys, —0.6233. None of these relation-
ships is statistically significant according to Fisher's tables for significant
values of r, 1?; and t, as adapted by Wallace and Snedecor (1931). The
lack of a systematic relationship between the fat of the blood and the pro-
ductive capacity of the cow under relatively uniform conditions indicates
that the fat content .of the blood plasma alone is of no practical value as
an index of productive capacity.
RELATIONSHIP TO FAT CONTENT OF THE MILK
The fact that there appears to be no clear-cut relationship between
breed of cow and fat content of the blood plasma suggests that there is
little or no relationship between blood fat and richness of the milk, since
the breeds studied have such characteristic differences in this respect.
In order to secure more definite information as to whether such a rela-
tionship exists, the coefficients of correlation for the average yearly but-
terfat percentage for the 46 cows with advanced registry records and the
average fat content of the blood plasma were calculated. The coefficient
of correlation was +0.2142 for the group as a whole, +0.1391 for the
Holsteins, —0.6683 for the Guernseys, and +0.4442 for the Jerseys.
None of these is statistically significant, as judged by Fisher's tables, ex-
cept that for the Guernseys, which is sufficiently high to be considered
as a highly significant inverse relationship. The complete lack of agree-
ment of this group with the other groups indicates that this relationship
is purely statistical and that there is no consistent relationship between
the fat content of the blood plasma and the fat content of the milk as
indicated by these data when we consider the entire group.
DISCUSSION
While the variability of the fat in the blood plasma of cows and the
individuality which cows exhibit in the amount of fat in their blood
suggest that it might have an important relationship to their productive
ability, there is little evidence that the fat level of the blood plasma may
have any practical value in selecting animals either for productive or
for breeding purposes. In the first place, the high degree of variability
within the individual and the many factors influencing the fat of the
blood stream render it very difficult to secure any representative value
for the animal.
Even if conditions could be standardized in such a way that com-
parable blood-fat values might be secured, other factors than the mere
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concentration of fat in the plasma would be expected to play a part. The
volumetric relationship between the plasma and the cells of the blood, the
total plasma volume of the animal, and the rate of flow of the blood
through the mammary gland are all factors which would be expected to
play a part in the final results even if the fat concentration were a factor.
The condition might be somewhat analogous to the fat concentration in
milk, which if considered alone has little or no value in estimating the
productive capacity.
It is felt that data such as those presented in this bulletin are of value
as a contribution to the knowledge needed for study of fundamental
problems in the physiology of milk secretion rather. than for their im-
mediate practical value in the breeding of livestock.
SUMMARY AND CONCLUSIONS
In a herd of over 100 dairy cattle of four breeds, monthly individual
determinations of the fat content of the blood plasma were made over
a two-year period by a simple volumetric method developed by the
author.
The fat content of the blood plasma varied little during the day or
from day to day under ordinary conditions.
The plasma of newborn calves was found to contain only a trace of
fat, but the fat content increased rapidly after the ingestion of food.
The variations in the amount of fat in the blood plasma of calves
were closely associated with feeding conditions during the first year and
remained relatively constant during the second year.
The blood plasma of mature males was found to contain less fat than
that of lactating females under normal conditions.
No clear-cut relationship between breed and fat level of the blood
plasma was observed.
The blood plasma of non-pregnant heifers was lowest in fat during
the early summer months and reached the highest level in October.
The fat content of the blood plasma of pregnant heifers was relatively
constant during the gestation period, but declined during the last two
months of gestation.
The blood plasma was found to be low in fat immediately following
parturition, rising rapidly to reach a maximum in about the fourth month
of lactation, after which there was a gradual decline to a low level dur-
ing the dry period.
It was found possible to increase the fat content of the plasma of
dry cows to a level as high as was reached during lactation by increasing
the fat intake to approximately that accompanying the heavy grain feed-
ing during the period of heaviest milk production. This indicates that
the fat intake is an important factor in the changes in blood fat, although
lactation probably exerts an influence independent of the fat intake.
Cows show marked individuality in the fat content of their blood
plasma.
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No systematic relationship was found between the fat content of the
blood plasma and the productive ability of the cow or the fat content
of her milk.
It is not felt that the fat content of the blood plasma alone has any
practical value as an indication of productive ability or as a means of
selecting cattle for breeding purposes.
APPENDIX
Table 1. Weight per Milliliter of Fat Recovered from Blood Plasma
of Dairy Cattle by Allen Procedure
Sample No. Temperature Density
° C. gms. per ml.
60.0 .9305
60.0 .9320
60.0 .9353
60.0 .9335
60.0 .9320
60.0 .9287
60.0 .9251
60.0 .9274
60.0 .9297
60.0 .9292
60.0 .9306
60.0 .9296
60.0 .9342
60.0 .9320
60.0 .9301
60.0 .9311
60.0 .9307
Table 2. Fat Content of Plasma of Blood Samples Collected at Three-Hour Intervals,
Milligrams Fat per 100 Milliliters Plasma
Time of sampling 9 a.m. 12 m. 3 p.m. 6 p.m. 9 p.m. 12 in. 3 a.m. 6 a.m. 9 a.m. Average
Cow No. Breed mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm.
419 11 206 190 212 225 238 220 218 219 234 218.0
396 187 192 194 193 200 179 193 202 193 192.6
402 11 116 125 131 128 139 131 129 136 129 129.3
433 194 205 210 215 192 171 209 190 217 200.3
432 250 257 292 312 263 279 297 292 297 282.1
387 II 205 218 219 222 220 231 236 212 236 222.1
423 202 215 211 224 191 210 228 224 203 212.0
434 205 228 193 233 197 208 222 227 218 214.6
155 153 151 150 162 160 149 150 160 155 154.4
167 260 253 282 261 279 272 270 259 292 269.8
213 160 176 163 178 151 166 188 184 180 171.8
548 162 182 172 181 164 185 177 171 162 172.9
580 184 180 215 202 181 193 198 202 202 195.2
542 171 162 173 199 173 173 196 179 185 179.0
539 213 136 142 165 157 147 161 142 149 156.9
565 204 190 236 206 214 215 232 205 222 213.8
Average 16 cows 192.0 191.2 199.7 206.6 194.9 195.9 206.5 200.2 204.6
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Table 3. Daily Variations Over a 30-day Period in the Fat Content of the Blood Plasma of
Eight Dairy Cows (Cows No. 393, 417, and 152 Dry; Others Milking)
Milligrams Fat per 100 Milliliters Plasma
Cow No.
and breed
393
Holstein
417
Holstein
402
Holstein
190
Jersey
167
Jersey
152
Jersey
542 539
Guernsey Guernsey
Average
8 cows
Days beginning May 4 mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm.
168. 168 214 380 238 167 262 300 237
145 157 224 381 245 164 273 312 237
157 179 215 426 277 164 271 326 252
136 155 205 363 226 158 256 290 224
142 153 213 385 226 163 243 286 226
144 168 218 398 249 154 266 281 235
118 157 201 364 231 167 244 288 221
149 156 205 359 224 153 237 289 226
147 161 200 369 246 159 264 286 229
138 162 175 361 232 151 233 262 218
139 152 197 374 240 202 259 287 231
132 175 191 407 220 173 260 277 229
122 149 190 348 228 157 235 284 214
125 156 177 340 202 137 230 258 203
133 166 191 379 244 158 246 299 227
125 159 194 364 256 146 242 297 223
153 174 195 378 221 165 265 319 234
152 174 193 388 269 167 251 311 238
19 138 152 186 358 233 162 244 279 219
149 161 184 350 240 164 249 296 224
135 159 174 381 229 180 258 292 228
149 169 181 363 259 172 267 296 232
150 • 172 182 363 270 178 274 315 238
152 174 190 418 283 176 276 311 250
25 165 175 186 369 274 170 260 297 237
26 155 181 • 198 365 282 178 278 307 243
27. 156 187 209 378 283 162 252 301 241
147 176 181 379 256 155 271 298 233
160 185 190 348 276 154 261 261 229
154 179 178 408 266 145 232 296 232
Av. 30 days ................... 145 166 195 375 244 163 255 293
Table 4. Blood Fat as Related to Age
Monthly Tests of Heifer Calves from Birth to Six Months of Age,
Milligrams Fat per 100 Milliliters Plasma
Test 1 2 3 4 5 6
Calf No. mgm. mgm. mgm. mgm.
Holstein
rngm. mgm.
128 228 119 160 160 83
158 77 95 122 68 80
92 197 95 60 48 74
91 130 161 101 82 110
120 80 70 82 53 102
162 164 94 75 140 144
89 140 78 72 104 151
108 145 120 90 88 249
92 161 127 96 107 113
115.5 146.8 106.5 95.3 94.4 122.8
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Table 4-Continued
Test 1 2 3 4 5 6
Calf No. mgm. mgm. mgm. mgm. mgm. mgm.
Jersey
96 218 81 157 93 75
176 231 92 52 78 59
72 230 295 100 64 64
67 164 112 40 92 130
Average.................. ..... ...................... 102.7 210.7 145 87.5 , 81.7 82.0
Guernsey
175 78 119 137 99 96
75 148 210 112 112 121
587. 133 177 134 86 97 114
193 266 112 97 127 114
101 158 97 75 93 93
123 97 70 53 135 134 -
133.3 154.0 123.6 93.3 110.5 112.0
Ayrshire
98 117 94 47 85
Average all breeds.............. 118.7 159.3 119.9 93.0 94.3 109.5
Table 5. Blood Fat as Related to Age
Monthly Tests of Heifer Calves 6 Months to 12 Months of Age,
Milligrams Fat per 100 Milliliters Plasma
Test 1 2 3 4 5 6
Calf No. mgm. mgm. mgm. mgm. mgm. mgm.
Holstein
114 155 126 168 176 167
129 164 176 206 223 256
152 127 182 229 157 198
161 205 162 120 153 184
195 141 119 132 196 124
109 115 148 179 188 189
75 104 100 139 142 192
89 88 134 146 142 131
107 160 135 132 195 188
102 99 121 181 171 175
144 139 137 253 222 142
126 110 193 200 151 196
125.2 138 144.4 173.7 183.8 178.5
Jersey
126 142 126 164 196 210
79 102 88 134 153 153
168 206 186 176 151 159
154 171 140 118 130 156
77 110 131 139 188 182
111 128 145 133 165 193
117 158 154 161 279 272
104 132 221 225 196 196
Average.................. ......... .................. 117.0 143.6 148.8 156.2 182.2 190.1
Guernsey
148 143 173 203 189
148 127 170 195 161
132 178 146 164 231
Average ................. ......... .................. 128.0 142.8 149.1 163 187.1 193.6
Ayrshire
130 149 164 159 144
Average all breeds ............. 120.8 138.1 146.7 166.2 182.7 182.8
42 MINNESOTA TECHNICAL BULLETIN 130
Table 6. Blood Fat as Related to Age
Monthly Tests of Heifers from 12 Months to 18 Months of Age,
Milligrams Fat per 100 Milliliters Plasma
Test 1 2 3 4 5 6
Calf No. mgm. mgm. mgm. mgm.
Holstein
mgm. mgm:
137 142 150 194 188 190
178 186 198 206 261 251
198 170 180 196 174 145
184 148 216 183 166 172
198 135 137 153 162 141
172 187 146 176 200 189
156 164 165 190 161 161
174.7 161.7 170.2 185.4 187.4 178.4
Jersey
144 163 187 145 96 153
210 136 215 232 277 183
136 153 129 151 195 131
154 194 158 139 221 193
194 182 158 200 141 150
144 221 217 219 192 135
Average............................................... 163.6 174.8 177.3 181.0 187.0 157.5
Guernsey
161 178 191 149 216
Ayrshire
187 123 152 173 160
157 155 189 155 155
Average............................................... 178.5 172.0 139.0 170.5 164.0 157.5
Average all breeds.............. 173.3 167.7 169.5 182.2 181.9 170.3
Table 7. Blood Fat as Related to Age
Monthly Tests of Heifers from 18 Months to 24 Months of Age,
Milligrams Fat per 100 Milliliters Plasma
Test 1 2 3 4 5 6
Calf No mgm. mgm. mgm. mgm. mgm. mgm.
Holstein
180 153 173 184 160
145 158 172 198 175
179 196 178 145 150
159 157 159 149 193
160 200 193 183 229
162 184 179 207 198
Average .............................................. 186.0 164.1 174.6 175.6 177.6 184.1
Jersey
177 165 169 167 175
165 175 180 168 174
140 155 119 122 152
150 185 178 172 190
148 • 203 189 188 175
183 153 148 158 129
Average............................................... 151.0 160.5 172.6 164.0 162.5 166.0
Guernsey
131 139 156 160 228
Ayrshire
175 163 150 154 173
Average all breeds.............. 168.7 161.0 170.4 167.3 168.2 178.6
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Table 8. Blood Fat as Related to Age
Monthly Tests of Bull Calves from Birth to Six Months of Age,
Milligrams Fat per 100 Milliliters Plasma
Test 1 2 3 4 5 6
Calf No 
B403a*................................ ........ ... .....
mgm.
122
132
149
156
161
116
139.3
mgm.
323
236
218
132
102
98
184.8
mgm. mgrs.
Holstein
175 157
183 130
183 77
105 136
104 97
57 213
134.5 135.0
mgm.
128
130
70
176
103
143
125.0
mgm.
141
115
66
136
158
116
122.0
Guernsey
142 191 241 92 39
178 233 125 33 82
Average............................................ 95.0 160.0 212.0 183.0 62.5 60.5
Jersey
161 186 129 88 89
85 103 91 91 88
Average ...................................... ..... 149.0 123.0 144.5 110.0 89.5 88.5
Ayrshire
81 103 115 150 96
Average all breeds.............. 127.2 159.7 147.6 137.4 109.5 102.4
* Twins.
Table 9. Blood Fat as Related to Breed and Stage of Lactation
Milligrams Fat per 100 Milliliters Plasma, 2 .Monthly Tests Before and 11 Monthly Tests After Parturition
Test
Before parturition After parturition
2 1 1 2 3 4 5 6 7 8 9 10 11
Cow No. mgm. mgm. mgm. mgm. mgm. mgm.
Guernsey
mgm. mgm. mgm. mgm. mgm. mgm. mgm.
202 185 245 254 279 324 279 289 213 186 215 188 178
141 176 222 264 268 293 243 254 163 159 189 151 147
548 162 155 194 247 236 247 235 259 227 219 233 200 221
181 135 160 262 205 199 235 214 249 136 133 189 196
210 192 108 188 284 270 250 170 180 180 165 165 187
141 173 157 275 300 376 381 362 143 285 228 218 200
162 181 128 215 240 326 245 243 327 297 305 181 207
339 359 138 287 327 293 368 366 398 350 334 306 306
235 195 339 360 386 317 292 235 208 214 229 227 249
165 152 121 312 361 317 322 287 298 271 211 271 316
249 227 144 250 311 334 298 220 185 223 186 168 162
131 142 108 233 241 289 280 271 203 199 211 233 182
197 147 99 289 285 302 284 247 224 251 234 209 ' 192
170 152 271 240 252 298 301 230 213 275 224 182
166 153 191 302 278 314 296 292 286 234 208 210 210
188 188 187 302 364 372 385 271 249 271 248 314 251
......... 164 124 303 303 309 290 270 254 204 212 162 234
166 162 241 354 363 325 340 304 209 239 257 256 212
189.7 180.9 169.9 276.0 292.8 303.3 295.6 269.7 235.8 229.5 226.2 215.1 212.9
Table 9. (Continued)
Before parturition After parturition
Test 2 1 1 2 3 4 5 6 7 8 9 10 11
Cow No. mgm. mgm. mgm. mgm. mgm. mgm.
Holstein
mgm. mgm. mgm. mgm. mgm. mgm. mgm.
100 114 118 260 85 144 177 149 177 177 161 173 206
138 69 107 170 232 241 219 208 216 192 165 163 157
134 175 149 229 275 320 348 297 294 271 203 187 189
121 113 163 156 227 209 196 170 216 202 197 171 123
196 161 109 191 252 265 249 225 210 209 229 220 171
154 159 202 259 283 263 273 312 286 200 167 187 260
141 106 75 184 212 206 283 255 187 181 187 205 196
154 137 141 189 242 139 302 264 239 302 246 273 273
129 89 147 273 224 134 190 211 173 188 209 189 202
181 120 190 221 232 185 227 210 210 207 219 259 216
213 163 232 205 222 163 212 221 231 194 194 133 76
274 166 117 227 302 294 319 328 280 252 305 227 264
172 208 84 138 221 257 227 275 313 289 284 269 206
141 105 155 197 264 351 299 264 197 253 290 330 354
143 215 241 274 283 153 236 245 207 218 226 268 257
109 111 213 233 305 256 178 180 190 218 223 230 238
157 125 224 244 289 271 293 214 217 212 239 242 184
178 162 221 279 286 382 340 253 226 265 260 268 284
146 148 165 218 192 304 280 270 231 240 299 301 260
148 144 212 312 345 376 243 248 301 330 341 299 290
156.4 139.5 163.2 222.9 248.6 245.6 254.5 239.9 230.0 230.0 232.2 229.7 220.3
Table 9. (Continued)
Before parturition
Test 2 1 1 2 3 4
Cow No. mgm. mgm. mgm. mgm. mgm. mgm.
Jersey
184 144 166 125 173 181
175 175 72 184 188 140
169 152 141 192 209 224
••••••••• 
......... 185 248 201 258
185.. .....  ..... .............. .......... ........... ..... .... 189 143 81 305 286 299
187. ..... ............. ........ ...... ..... ... ..... ........... 207 149 247 323 269 295
229 209 98 213 332 338
190 168 242 316 386229 168
..... .... ......... 
165 288 292 332
156 140 78 185 195 180
123 103 177 230 225 260
153 47 186 214 237 253
181.4 143.0 147.0 229.0 243.6 262.2
Ayrshire
129 111 151 192 197
23......................................................... 153 157 214 216 241 270  .................. ..... ...... .....
126 165 132 243 295 337
Average ...... ....... .... ..... .... ..... .... ..... .... 149 150.3 152.3 203.3 242.7 268.0
Average all breeds.... ..... .. 171.9 155.4 161.2 241.2 265.9 270.2
After parturition
5 6 7 8 9 10 11
mgm. mgm. mgm. mgm. mgm. mgm. mgm.
196 187 205 201 192 210 181
190 211 201 181 198 188 161
254 173 126 161 174 146 125
251 238 230 234 207 179 169
260 264 286 277 247 202 163
329 284 251 214 185 182 187
357 246 223 300 349 276 233
350 454 291 261 265 300 259
310 334 260 242 236 216 231
207 228 263 274 288 265 183
267 225 239 260 236 216 232
308 266 331 255 233 170 200
273.2 259.2 242.2 238.3 234.2 212.5 193.7
240 263 271 225 224 202 153
211 238 212 176 226 147 152
329 272 225 235 237 222 242
260.0 257.7 236.0 212.0 229.0 190.3 182.3
273.0 255.4 234.9 230.7 231.0 229.94 209.6
Table 10. Blood Fat as Related to Season of Year
Monthly Tests of Non-pregnant, Non-lactating Heifers from June, 1933 to May 1934, Inclusive, Milligrams Fat per 100 Milliliters of Plasma
Month June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Heifer No. mgm. mgm. mgm. mgm. mgm. mgm. ni.gm. mgm. mgm. mgm. mgm. mgm.
186 188 207 253 246 222 233 247 204 263 254 222
194 209 195 222 258 228 266 255 210 271 281 232
158 137 162 188 190 191 193 185 150 192 94 182
119 122 152 200 155 177 172 181 177 180 186 159
153 150 150 185 178 172 190 192 184 201 178 178
136 215 232 233 277 183 167 148 203 189 188 175
136 153 129 151 195 131 126 183 153 148 158 129
151 159 140 154 194 158 139 221 193 194 192 179
161 178 191 149 216 157 131 139 156 160 227 169
142 150 194 188 190 147 159 157 158 149 193 183
186 198 206 261 251 191 160 200 193 183 229 192
198 170 180 196 181 145 182 162 184 179 207 197
120 157 184 148 216 183 166 172 182 165 224 173
119 132 153 124 198 135 137 153 162 141 176 159
154.2 165.6 176.8 189.4 210.4 172.9 172.9 185.4 179.2 186.8 199.1 180.6
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Table 11. Blood Fat as Related to Gestation
Monthly Tests of Heifers from Conception to Parturition,
Milligrams Fat per 100 Milliliters Plasma
Month of pregnancy 1 2 3 4 5 6 7 8 9
Heifer No. mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm. mgm.
151 175 184 167 148 193 149 148 144
190 171 146 174 188 189 227 178 162
160 131 154 162 162 156 156 146 148
206 168 152 177 161 167 200 170 170
177 247 164 161 169 174 214 166 153
236 188 219 199 208 222 271 188 188
185 196 228 190 203 182 196 177 180
225 173 151 182 158 179 197 180 164
207 207 191 166 175 168 209 166 162
134 146 170 161 212 192 183 174 154
Average ........................... ..... 187.1 180.2 175.9 173.9 178.4 182.2 200.2 169.3 162.5
LITERATURE CITED—PART I
ALLEN, N. N. (1933) Studies on the fat content of the blood of dairy cattle. Abs.
Papers presented 28th Ann. Meeting Amer. Dairy Sci. Assoc., Urbana, Ill.
67-68.
  (1934) A simple volumetric method for determination of fat in blood
plasma. Proc. Soc. Expt. Biol. Med. 31:991-993.
BACKLIN, E. (1930) Eine Mikromethode zur quantitativen Bestimmung der
Lipoide. Biochem. Ztschr. 217:482-491.
BANG, I. (1918a) Ueber Lipamie. Biochem. Ztschr. 90:383-387.
  (1918b) Verfahren zur titrimetrischen Mikrobestimmung der Lipoid-
stoffe. Biochem. Ztschr. 91:86-103.
BING, H. I., and HEcKscHER, H. (1923) En mikrometode til maaling af blodets
fedtstofmaengde. Hospitalstidende (Copenhagen) 66:777-781.
  (1924) Eine Mikromethode zur Messung der Fettmenge des Blutes.
Biochem. Ztschr. 149:79-82.
Bux, G. (1926) A critical study of Bang's micromethod for the determination of
blood lipoids. Skand. Arch. Physiol. 48:267-315.
BLOOR, W. R. (1914) A method for the determination of fat in small amounts of
blood. Jour. Biol. Chem. 17:377-384.
  (1917) The blood lipoids in nephritis. Jour. Biol. Chem. 31:575-583.
 (1925) Biochemistry of the fats. Chemical Reviews 2:243-300.
  (1928) The determination of small amounts of lipide in blood plasma.
Jour. Biol. Chem. 77:53-73.
 , GILLETTE, E. M., and JAmEs, M.S. (1927) Fat metabolism in dia-
betes. I. The blood lipids in experimental diabetes. Jour. Biol. Chem.
75:61-83.
 , PELKAN, K. F., and ALLEN, D. M. (1922) Determination of fatty
acids (and cholesterol) in small amounts of blood plasma. Jour. Biol.
Chem. 52:191-205.
BoYD, E. M. (1937) The oxidative micro-estimation of plasma total lipids. Jour.
Lab. Clin. Med. 22:956-959.
CALMETTE, A. (1914) Sur la mise en evidence des lipoides libres dans les serums
par l'activation du venin de cobra, particulairement au cours de l'infection
tuberculeuse. Berlin. Klin. Wchnschr. 51:496-497.
BLOOD FAT OF DAIRY CATTLE 49
COLLINS, D. H. (1933) Diabetic lipaemia. The role of the fats in diabetes mellitus
with a description of the haemolipokrit method for the estimation of fat
in the blood-serum. Quart. Jour. Med. (N.S.) 2:267-279.
EHRENTHEIL, 0., and WEIS-OSTBORN, W. (1923) Untersuchungen iiber Eiweiss
und Lipoid mit Hilfe der Saponinhamolyse. Ztschr. Immunitatsf. u. Expt.
Ther. 36:356-367.
ENGELMANN, B. (1922) 1st die Glyzerinreaktion nach Gabbe em n Indikator des
Lipoidgehaltes im Blute nach Injektion kOrperfremder Stoffe? Munchen.
Med. Wchnschr. 69:120.
FOLLuNG, A. (1926) Une nouvelle methode de determination des lipoides du sang.
Acta. Med. Scand. Suppl. 16:651-656.
GABBE, E. (1921) Ueber regelmassige Veranderungen der Lipoidmenge des Blutes
nach Injektionen korperfremder Stoffe bei der sogenannten Reiztherapie.
Miinchen. Med. Wchnschr. 68:1377-1379.
GAGE, S. H. (1920) The free granules (chylomicrons) of the blood as shown by
the dark field microscope. Cornell Veterinarian 10:154-155.
 , and Fisir, P. A. (1920) The presence of micro-particles in the blood
and other body fluids. Jour. Amer. Vet. Med. Assoc. 58:384-402.
 
 (1921) The ultraparticles of the blood and chyle. Cornell Veteri-
narian 11:143-153.
 
 (1924) Fat digestion, absorption, and assimilation in man and animals
as determined by the dark-field microscope, and a fat-soluble dye. Amer.
Jour. Anat. 34:1-77.
GORTER, E. (1934) Spreading in a monomolecular film. A method for studying
biologic problems. Amer. Jour. Diseases Children 47:945-957.
 , and GRENDEL, F. (1927) Die Ausbreitung in einer monomolekularen
Schicht als Methodc zur Bestimmung von Blutfett. Biochem. Ztschr.
192:431-456.
HERRMANN, L. G., AMES, A., and TAPKE, R. J. (1934) Observations upon the
lipokrit method for the determination of the lipoid content of blood. Jour.
Lab. and Clin. Med. 19:411-421.
KIRK, E., PAGE, D. H., and VAN SLYKE, D. D. (1934) Gasometric microdetermina-
tion of lipids in plasma, blood cells and tissues. Jour. Biol. Chem. 106:
203-234.
KNUDSON, A., and GRIGG, W. L. (1923) The relation between the chylomicrons
(free granules) and the lipoid content of the blood. Proc. Soc. Exp. Biol.
and Med. 20:462.
KOBUS, E. M. (1927) Het bloedtvet bij kinderen gameten in rnonomoleculaire laag.
Nederland. Maandschr. Geneesk. 14:229-267.
KUMAGAWA, M., and Sum, K. (1907) Ein ncues Verfahren zur quantitative Be-
stimmung des Fettes und der unverseifbaren Substanzen im tierischem
Material nebst der Kritik einiger gebrauchlichen Methoden. Biochem.
Ztschr. 8:212-347.
LANGMUIR, I. (1917) The constitution and fundamental properties of solids and
liquids. II. Liquids. Jour. Amer. Chem. Soc. 39:1848-1906.
LEPPIEN, R. (1932) Ueber den Blutfettspiegel und den zeitlichen Verlauf seiner
Veranderung unter dem Einfluss eines Olfriihstiicks beim gesunden und
kranken Menschen. Ztschr. Gesam. Expt. Med. 81:728-738.
LEVA, J. (1909) Ueber alimentare Lipmie. Berlin Klin. Wchnschr. 46:961-969.
LIEBERMANN, L., and SZEKELY, S. (1898) Eine neue Methode der Fettbestimmung
in Futtermitteln, Fleisch, Koth, etc. Arch. f. d. Ges. Physiol. 72:360-366.
50 MINNESOTA TECHNICAL BULLETIN 130
LUDLUM, S. De W., TAFT, A. E., and NUGENT, R. L. (1929) Human blood serum
as a colloidal system. Colloid Symposium Ann. 7:233-248.
 
 (1931) The chylomicron emulsion. Jour. Physical Chem. 35:269-288.
MILRoY, J. A. (1928) A micromethod for the determination of the fats and lipins
of blood. Biochem. Jour. 22:1206-1211.
NEUMANN, A. (1907) Ueber die Beobachtung des resorbierten Fettes in Blute
mittels des Ultra-Condensors. Zentbl. Physiol. 21:102-104.
PALMER, L. S., and SAMUELSSON, E. (1924) The nature of the substances adsorbed
on the surface of the fat globules in cow's milk. Soc. Expt. Biol. and Med.
Proc. 21:537.
 
, and WIESE, H. F. (1933) Substances adsorbed on the fat globules
in cream and their relation to churning. II. The isolation and identification
of adsorbed substances. Jour. Dairy Sci. 16:41-57.
PERETZ, L. G. (1926) Ein Versuch, Lipoide mit Hilfe einer biologischen Reaktion
nachzuweisen. Ztschr. Immunitatsf. u. Expt. Ther. 49:146-157.
 
 (1929) Ueber die biologische Lipoidreaktion. Ztschr. Immunitatsf. u.
Expt. Ther. 61:387-396.
PETERSEN, W. E., and HERREID, E. 0. (1929) A new method for estimating the
true fat content of buttermilk. Minn. Agr. Expt. Sta. Tech. Bull. 63.
ROSENTHAL, H., and TROWBRIDGE, P. F. (1915) The estimation of fat. Jour. Biol.
Chem. 20:711-717.
RUCKERT, W. (1931) Eine einfach volumetrisclie Mikrobestimmung des Blutfettes
(Lipokritverfahren). Klin. Wchnschr. 10:1853-1858.
SCIINORBUSCII, M. (1934) Methodische Untersuchungen und Ergebnisse verglei-
chender volumetrischer und gravimetrischer Blutfettbestimmung. Ztschr.
Gesam. Expt. Med. 94:63-75.
SHIMIDZU, Y. (1910) Ein Beitrag zur Kumagawa-Sutoschen Fettbestimmungs-
methode. Biochem. Ztschr. 28:237-273.
SMITH, M. E., and KIK, M. C. (1933) A micromethod for the determination of
fatty acids .from small amounts of whole blood. Jour. Biol. Chem. 103:
391-398.
STEWART, C. P., GADDIE, R., and DUNLOP, D. M. (1931) Fat metabolism in muscu-
lar exercise. Biochem. Jour. 25:733-748.
 
, and WIIITE, A. C. (1925) The estimation of fat in blood. Biochem.
Jour. 19:840-844.
STODDARD, J. L., and DRURY, P. E. (1929) A titration method for blood fat. Jour.
Biol. Chem. 84:741-748.
WiEsE, H. F., and PALMER, L. S. (1932) Substances adsorbed on the fat globules
in cream and their relation to churning. I. The churnability of artificial
emulsions prepared with the known emulsifying agents of cream. Jour.
Dairy Sci. 15:371-381.
 
 (1934) Substances adsorbed on the fat globules in cream and their
relation to churning. III. Analysis of the adsorbed protein. Jour. Dairy
Sci. 17:29-32.
LITERATURE CITED—PART II
ARUP, P. (1932) The iodine and thiocyanogen values of Irish butter. Analyst 57:
610-615.
AYLWARD, F. X., BLACKWOOD, J. H., and SMITH, J. A. B. (1937). Lipaemia and
milk fat secretion in the ruminant. Biochem. Jour. 31:130-137.
BLOOD FAT OF D..-11R17 CATTLE 51
AWDEjEWA, M. S., GERASIMOWITSCH, W. W., IIVANOWA, E. J., MESSINEWA, N. A.
PROWATOROWA, E. L., and SAWITSCH, N. G. (1930) Die chemischen und
physikalische-chemischen Eigenschaf ten des Blutes beim Rinde, ihre
Schwankungen und individuellen Unterschiede. Ztschr. fur ZUchtung,
Reihe B., 19:128-149.
BENDER, R. C., and MAYNARD, L. A. (1932) Fat metabolism in the lactating goat.
Jour. Dairy Sci. 15:242-253.
BICIIENBACH, W., and RUPP, H. (1931) Das Verhalten der Fette bei ihrem Durch-
tritt durch die Placenta. Min. Wchnschr. 10:63-64.
CAHN T., and HouGET, J. (1935) Le transport des lipides dans l'organisme animal.
Compt. Rend. Acad. Sci. 201:166-168.
DouLKIN, A., and HELMAN, S. (1934) Quelques donees sur la teneur du sang des
vaches laitieres en cholosterol et en phosphatides. Lait 14:797-808.
GRAHAM, W. R., KAY, H. D., and McINTosii, R. A. (1936) A convenient method
for obtaining bovine arterial blood. Proc. Royal Soc. London, Ser. B, 120:
319-329.
, JONES, T. S. G., and KAY, H. D. (1936) The precursors in cows'
blood of milk fat and other constituents. Proc. Royal Soc. London, Ser.
B., 120:330-346.
JORDAN, P. (1935) Free and fixed fat content of the blood and blood plasma of
some domestic animals. Kozlemenyek osszehasonlit6 etet KOrtan Korebol.
26:389-394. Abst. in Chem. Abst. 29:7426.
KRONACHER, C., BOTTGER, T., and SCIIAPER, W. (1930) Korperbau, Blutwerte,
Konstitution und Leistung. II. Untersuchungen an ostfriesischen
Ztschr. fiir Ziichtung. Reihe B. 17:177-244.
LAwRENcE, J. V., and RIDDLE, 0. (1916) Studies on the physiology of reproduction
in birds. VI. Sexual differences in the fat and phosphorus content of the
blood of fowls. Amer. Jour. Physiol. 41:430-437.
LEROY A. M., MARCQ, J., VELINI, M., VALISSANT, M., and BARJOT, G. (1931) Taux
butyreux sanguin des reproducteurs bovine et set rapports eventuals avec
la valeur d'elevage. Lait. 11:12-21, 144-155, 234-244, 359-369.
McCAY, C. M., and MAYNARD, L. A. (1931) The interrelationship between the
dietary fat and the phosphorus distribution in the blood of lactating cows.
Jour. Biol. Chem. 92:273-280.
 
 (1935) The effect of ingested cod liver oil, shark liver oil, and
salmon oil upon the composition of the blood and milk of lactating cows.
Jour. Biol. Chem. 109:29-37.
MARcQ, J. (1929) Essai de jugement des reproducteurs bovins par une methode
physiozootechnique. Annales de Medecine Veterinaire 74:449-453. Bulletin
de l'Academie Veterinaire de France 82:331-335.
 , and DEVUYST (1933) Contribution a l'etude de la valeur des lipides
du sang en taut qu'indice de l'aptitude beurriere. Extrait du Bull. de
L'Institut agronomique de Gemblaux 2:100-126. Cited by Doulkin and
Heiman (1934).
MASAERS, P. (1931) Contribution a l'etude de la lipemie de la vache. (La valeur
des lipides du sang durant la gestation et la lactation; rapport entre la
lipemie l'aptitude beurriers). II nuovo Ercolani No. 36:377-383, 385-390.
An. in Recueil d'Alfort, 108. No. 6. Abst. in Lait. 14:308.
MAYNARD, L. A. (1932) Contribution a la physiologic du metabolisme de la matiere
grasse dans la lactation. Lait 12:761-775.
59 MINNESOTA TECHNICAL BULLETIN 130
 
, HARRISON, E. S., and McCAY, C. M. (1931) The changes in the
total fatty acids, phospholipoid fatty acids, and cholesterol of the blood
during the lactation cycle. Jour. Biol. Chem. 92:263-72.
MAYNARD, L. A., and McCAv, C. M. (1929) The influence of a low-fat diet upon fat
metabolism during lactation. Jour. Nutrition 2:67-82.
 
, and MADSEN, L. L. (1936) Influence of food fat of varying degrees
of unsaturation upon blood lipids and milk fat. Jour. Dairy Sci. 19:49-53.
PALMER, L. A., and ECKLES, C. H. (1914) Carotin—The principal natural yellow
pigment of milk fat. Part III, Mo. Agr. Exp. Sta. Res. Bull. 11. Part IV,
Mo. Agr. Exp. Sta. Res. Bull. 12.
PARRY, T. W., and SMITH, J. A. B. (1936) The fatty acids of ox blood. Biochem.
Jour. 30:592-598.
PLATIKANoFF, N. (1932) Die Lipoidstoffe im Blutserum des Rindes. Ein Beitrag
zur Konstitutionsforschung. Ztschr. fur ZUchtung, Reihe B., 26:1-36.
PoRcHER, C. (1922) Rapport au Congres National de Laitieries a Rennes. October,
1922. Cited by Porcher (1925)
 
 (1925) Le proces de la matiere gras du lait. Le Lait, Revue Generales
des Questions Laitieries 5.
 
, and MAYNARD, L. A. (1930) La graisse du sang et la graisse du lait
pendant la lactation. Lait 10:601-613.
RIDDLE, 0., and BURNS, F. H. (1927) Studies on the physiology of reproduction
in birds XXII. Blood fat, and phosphorus in the sexes and their variations
in the reproductive cycle. Amer. Jour. Physiol. 81:711-724.
 
, and HARRIS, J. A. (1918) Note on the relation of blood fat to sex
and on the correlation between blood fat and egg production in the do-
• mestic fowl. Jour. Biol. Chem. 34:161-170.
ROODZANT (1931) Ondersockingen betreffende de correlatie tusschen het vetge-
halte van de melk et het lipoidenhalt van het bloed. Dissert, Utrecht.
Cited by Doulkin and Heiman (1934).
SCHAIBLE, P. J. (1932) Plasma lipids in lactating and non-lactating animals. Jour.
Biol. Chem. 95:79-88.
SCHOORL, P. (1935) Relation between blood lipide level and fat content of milk
in cows. Landbouwkund Tijdschr. 47. (Abst. in Chem. Abst. 30:7162.)
SHOPE, R. E., and GOWEN, J. W. (1928) Cholesterol and cholesterol ester in the
blood serum of cattle late in pregnancy and during the early lactation
period. Jour. Exptl. Med. 48:25-30.
VIGNES, H. (1922) Lecithine et gestation. Compt. Rend. Soc. Biol. 87:417-418.
WALLAcE, H. A., and SNEDECOR, G. W. (1931) Correlation and machine calculation.
Iowa State Coll. of Agr. and Mechanic Arts Official Pub., 33:62-63.
\VARNER, D. E., and EDMOND, H. D. (1917) Blood fat in domestic fowls in relation
to egg production. Jour. Biol. Chem. 31:281-294.
 
 
(1918) Blood fat in fowls. Jour. Biol. Chem. 34:171-174.
WiLunms, H. H., and MAYNARD, L. A. (1934) The effect of specific dietary fats
on the blood lipids of lactating goats. Jour. Dairy. Sci. 17:223-232.
WISE, G. H. (1936) Physiological changes, with special reference to blood com-
position observed in calves fed supplemented and unsupplemented whole
milk diets. Ph.D. Thesis, University of Minnesota. (Unpublished)
